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1 Introduction 


Cytogenetic assays ire on impel tun* meant ofassetttog geookvxify. both in vitro 
and in rnro Staler chioeoorid exchange (L»u et ll. 1983), chromosome aberration 
(Prcitor e* el. I98JX md oifcremJcJem (Meddle cl *L J9*3) ***«yt t»ve been 
used oxterijiveJy as meow re.) of cytogenetic danage to collared edit, laboratory 
animal*. and ■ l«u non* Cit«fW smoke and it condenute tare been widely 
evaluated foi cytopKlic ocrivky in b vOro oxpnhrncnt* (DeMarbii 1911; lAftC 
1916; Lee et al 1987; Doolittle « al 1990). WbUe cigardle smoke nnd Its 
condensate have bent reported consistently to induce cytogwwSic changes t» thro. 
studies on the potential of cigarette 5 moke to induce cytogenetic effort U) vivo 
have not yielded uniform result*. Lymphocytes Huai bjnttfl hire been examined 
foe cytogenetic damage i'r» response to cigarette Smoke, with ImxrsMhU results. 
Some investigator* tmvc tt ported increases in chranotrxne aberrations In 
lymphocytes of smoker* when compared lo nonsmokera (Obe et at. 1978; 
Vijeyalaxmi * Evan* 1982; Obe A al 19*2) while other* hove reported no 
significant difference* between smokers tod oonsrookaj (Bender et at. 1918; 
Bender el at. 1919). Some invest igators have fomt in cremes in abler chromatid 
exchange (SCE) «f oowkera (Carrsno 19*2; Lasnbesa a al 197*; Hopkln and 
Evans I9M; Rckly el al. IMS), nnd mhere law repotted 00 significant 
differences (Hollander et at 1971; Aidho et al. 1980; Cmuec and Morgan 1980. 
Ilcdnor te al. I9*J). One laboratory reported rlgnifiaurl mcreascs in die 
freqaccda of SCE In both lymphocyte* and bone ntia» ceib of smokers (Kao- 
Stun el al. 1987) In coasts teal renilt alio b*»e been found when eaamtaieg 
micro nuclei la human lymphocytes. Some tovealsgattin lave reported significant 
Increases in mksrenuefeus forms linn In lymphocytes of smokers (Lanat nearly and 
Knaulib 1991, Kflgstcdt I9M; HPgsSedl el si. 1*81, HCgstedl el «J 1981; 
IzqufenJo-Er^ujU and SW* Purla 1919; S*wstrand 19*1). while olher 
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inrcdiw-elcreTiBvc nol (braid stgnifrcan! bicreiwcs (All cf sf. 199!; Nordcnsoft and 
Beckmann 1934, Obe et si. 1982). in luiprnary. cytogenetic studies compering 
luonars smokers aid noremtoker* have yielded inconsistent results It is probable 
lliai a host of factors, including occupation, medications, dtel, age, end sex 
(Snrder claj. [988, HOgsrcdi 1984, Wulfei oJ. 1916) influence cylPgdnelic remit* 
in tamons. confounding efTorij to jlisdy a specific tyrant like imoking. The use of 
in annual model would cthnorele. or si least control for. Hie aifipcnce of many of 
ibcse variable* mid would ntlow for mechanistic studio on Die role of tobacco 
smoke or it* specific components in it* induction of cytogenetic effects. The 
objective orfire present report mu lo evaluate ihe feasibility of turn* cytogenetic 
assays in bone morrow cells from fat* or mice « indicators of genoroxicity 
fol lairing aiimltriicw exposure to tobacco smoke. Data will be p men led fh>rn two 
cytogrewtic studies folionring inhatsfior ettpossire to mainstream cigsretto smoke, 
namely n 9Q-dny subdhrwiic assay using Spsague-Ossvfey nils (Let ef al 1990, 
Coggins Ct el, 19*9) and fl 14-day inhalation study using B6C3F1 mice (Cogginj 
et »l 1990) Swcr chromatid exchange (SCE), dromonome aberration. and 
micronudcf (MM) in ben re morrow ceib were orakiotcd. Bom marrow cefU ware 
chosen store thc*e cells were awed in previous animal Mitlatien Mod res rrilk 
tobacco smoke (Putnam H ol. |9*J ; BcnnbcS el al. 1914 BaJansky et at. *9*7' 
Lorre el rd. I9S1) 

Recently, concern mnnM the blologicaJ significance of exposure lo 
enviroruneiual lobareo smoke (ETC) has emerged as * adject of totense pdklk 
dlKwsion. Thtti, additional sludiet were cooducted to detenuirte ifcxposarc k> 
ETS Mites diroraosoott aberration frequencies in pulmonary alveolar 
aiaaaphages (PAM) to rats exposed aubdiranicaJty lo ETS. 

All studies used ihe IMF reference Hgomie (Dovb et tL 19MX obtatoed frern 
the Totmcw *id Hrel* Rexarrch Imitate (Lektogton KV) The IR4F ii a filtered 
cigarette, with a ytold of approximately It) tng total part real at: mailer (TPM) per 
cigarette, designed to reflect Ihe average compendia* of dgarertes in the U S. 
rawtet 
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2 iKf-i>ity subchronic inhalation stutly in rats exposed to 
mainsfrcnni cigarette smoke 


Cyto^'cnetk SUnJtcs in Antnuh KipuseU V) Tti6«cu S ik^c JlVJ 

Table I: CKrrmietninc AbTOBHonc In Done-Mirror Ce/b of Sprtluc Dantky Km 
f-jijxnciJ to Mainstream Smoke ftom IR 4 f-‘ Re retrace Cfgair*t* for 90 


M ile and female Spmgue-Dswtey rats irm exposed note-only to i»aiot(r«wn 
smoke ( h per day. J days per week for 13 coruecutive weeks (Coggins tr id 
1989. Lee e' al. 1990). AnlinnJs welt exposed <o 200 or dtX) mg TTM/nvf Four 
oinler and four females were lalrn from groups of exposed orrmnh and itieirbone 
marrow esiuiiiried. In addition. 3 male nnd J ferrate rats were rejected I.p. with 
either cyclophosphamide (10 m^g b.w.) or Miiomyrlii C (2 rng/kg b v* ) « 
positive coolrols, and with fhospliate-buffercd saline (PUS, I mlAg ti w) as 
vehicle controls u the end of the 90-djy lest period Sister dirsnirtd exrlunge, 
clircxiinsorwe aberration, and rtiieronjdeul assays were conducted as described 
enrlier (Lee et d. 1990). gals in the high exposure groep bad 22 94 CONb irrd 
90 I rig of aicrMme/inl plasma. Ilistopalhologieai change* were noted in die 
trroke.mrpojed groups (Coggmi at *1 1919): hyperplasia, n well at jryemious 
metaplasia. in nasal I. chronic active inflammation and t^uanroos metaplasia in 
(lie ventral larynx. and xccunwlxlion of nunpignienled and btowngoid 
macrophages in Ike lungs These parameters alt indicated inhalation of largo 
quantities of die smote presented to die an aunts 


11 Chromoianc nbcrrittoa 

Results front chromosome. aberration assay's an preseated in 'Rtble I. The 
pexeeeiiage of celts with abenalion* in the snoke exposed groups were not 
signiAcarvlly differed than thoao of (lie negative control groups. Aberrations 
observed in both exposed and negative control group* consisted mainly of 
chromatid breads* and isoebromatid breaks. Animals treated with Mitomycin C 
showed elevated aberration fioqucnciei ic both raalcaad foeoarc rots. 
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12 SCE assay 

Sistey chromatid exchange rendu are reported m Table 2. Cell-cycle kasctic 
companions revealed no significant difference between roll in the negative 
control nnd the jmoke-expoied groups. Indiraaing that none of the smoke 
expotures enured celi cyele delay in Hie bone marrow, The SCE frequencies in lire 
smoke-exposed groups were within the range of lire negative control groups. 
Animals treated with the positive control. However, bad signiftcemly elevated 
SCE frcqueocki fp cO.OS). 
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Cy1l>genctic Studies in Animnls Exposed to Tcbicito Smidw 


'1‘xbte 1: Sister tHinxiuilril lj(rbuij;es in Uoric-Mirrow Cell) of Vw»;ir Dawluy [tnlr 
lixpovrd In Mornlrnm Smoke fjmi IR4I’ Reference Ciyinefler fin 901^4 


Jnbte 3l Mtaonucieus Asioy in Daoe-Morrow Cefb of Syengue tjroley Rib Exposed w 
Wu'nsrtwn Smoke from IR4F Ei-rctt>ia:Cij?»«l:«fi> i)l) day* 1 



■Lie ci nl 0'2W) 

'V chat 1 c Ctokcl physigiagtwl soKncnl t alit| bod)' wcngtil. 
‘Posm-c C runnel. Cycio pb» ^A*iwiJc xr 10 mgrVg tody weight 
^SffRddcMljdi<Tcra(6han vchkiccaannteal |»-ctJ_05. 

“30 M2 ccllifariratf nsao soured for SCG. 

'Anrnmlr expusod I k per thry, 3 days per mck 13 «rjw*ijflrc racaJea 


2.3 Ktnunckn on; 

‘flic result! of ihe rritroeuclcui assay in bane marrow cells are show* in TnbU 
3 Cytotoxic it jr. iodicnwl by FeErNCE (polychromatic eryflirobla^s.nearto- 
chrorrrn’.k eeythratrhists) ratio*, wi ool different in wnoki exposed grotps 
compared to nc^afiva control pdfs. No signiffcact differejscej wax observed, hi 
Ihe frerjnemro of oita*nuck*lod PCE (MH-FCE) between an»ak«-wpt»ed 
giocprs utrf DCgrtiv! coatrol groups. Aalnral* Healed with the potlthw control 
cycJopbosphaniitfE showed a statistically riprlflcBii Incrcwo (p ~ 0.022?) foe both 
mules aral females ia the liec|ucncy ofMN’fCE over the Kg^thc eoot/ol nnimth. 
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^Vrt«e3c conucl . pbyj plognxl Udine at I ml%g body woigp|. 
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*Srpwfica«ly Oiffenri* ihs vehicle tratroh by MrrwWhitney test a p <005 

•lOrtOPCCMWlMi TOY ITWod- 

'A«*m.li expand I b per day. 5 dayr per week, |1 consmith* weeks. 

In eoaelusioer, ran *ibchrcnienF)y exposed to very bijh doses or ciaaurcjan 
cigarette amoie. as indicated by btgh COMb, Sigh plasma nicotine levels, and 
bbtopmlTologfcal changer in ihe rcspimloty ban. did ro4 exhibit cytogenetic 
effect! ia bone marrow K ,. pressured by SCE, MN, and chromosome nbcrruliun 
i i$ays. 
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J i-f-Dny mlmlition study in mice exposed to nminsfrcani 
cigarette smoke 


Melc Slid fanute I36C3FI mice were eeposed nose-only lo Ihree COnceniralious 
of rmtinsi/ejiii smoke from 1R4F Reference cigarettes Tor 14 consecutive days. I 
h pee day (Coggau et al. 1990). Smoke concentiallom srmr adjuifed to 0. 160. 
320, end 640 mg TPMOn 1 Four miimitj per re* per enpojure group >vere used for 
SCR. MN, and cliromosonie abcsialion assays. Sister chromiurd ejeehonge. 
chromosome aiKrrat'Osi, tod n'KionOtleus assay* were conducted tvt disci bed 
previously (Lee 1990). Blood COfib concentrations were 14.9 % ± J.4 (S.D.), 
24 6 % jt 3.1. Md 3t S tc 3.0 for low, medium, and high exposures. Ptruma 
nicotine values were 79.3, 112, oaf 131 respectively. Negligible vetoes fw 

COHb and plasma nicotine Were obtained from dram exposed nniinats. These 
markers of dosimetry confirm that large nmonrns of cigarette smoke were inhaled 
by aitimab hi the smoke-exposed groups, Dlls was further evidenced by fire 
presence of h site pathological changes kr irsioke-ceposc J anrninh (Coggins et at 
1990). mild cphhclial tryperplajli in nasal) ■ medium ant) high groups only, bofji 
seres), mild to moderate focal opitlscliat hjpcrpfejia in Hie ventral larynx fall 
groups, both sates), usitd lo madernie focal aqunasoiii mctsplftsla of the vcntrnl 
laryngeal cpilbulhmi (all groups, bosb seres) and pulmonary brown KokJ 
rueciophagea in ihclui^. 

3 I Chromosome alicrration assays 

There were no significant increases in Ihe iferquencios of celts with chromosome 
aberrations in any of die smoke-exposed groups (Table 4). Abortions observed 
hi bodi err posed and eogaihx control group* woo primarily chromatid and 
Isochronislid breaks. Animats treated with ibe positive cujitroi cydoplioapbamide 
showed significant tacreues in pcs cent cells wiib nbemdiota 


l.-iblc 4. Resells nl Chromosome AbcTjtica in Done-marrow Cclti of OSCjn Mies 
Manured lo Mainstreiun Smoke fern IJUP Rcfrnwce CigarHra for It Corocnairc Doys 
(I Wdoyy 
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3 2 Sulcr Chraraalid Eecluiife 

Ttie nautts of tlic SCO assays lire presented Ic Tkble 3. Cell cyde kinetics 
showed no Significant differences between (he sham-etpojed, room oonlrol. ml 
smoke-exposes] groups. SCE frequencies in the smoke-expend gnx^t west: sot 
statistically dillertis (ANOVA) from Ihose in d-ar»exposed animals. The 
|ioat(ive control, cyclopho^jhamlJe, induced * significant increase in SCE 
frequency lo bolh sexes. 
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Tabic 5. ttei«Rs ot UiiCSI ChromcAl tgiebimgc in Bone-nioirow 0*1 of UACJTI Mice 
Hj iporei io Meinjiream ti ire*i fio- 1 ' rtt4f- Reference Clgprcncs for M Consecutive Days 
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3.3 Mkioriivdani Aj»ny 


Bwiili* f/Mii the micttmhcb« assay «re presclRwl b Tible 6. CyM<oitic(ty, 
indicated l>y PCPNCE ratio*, w« nt dlffcicrt m smcke^ijiosed 
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(Jrtpftenctic Slujics in Aelcaob Deposed to Tobacco Smoke 


IT< 


among at dev. control* find smoke-exposed fliiuvoh. Hooevrt, im.cn; trend test* 
,i 1 1 c(▼ ci.’ significant increases (p <0.03) io reference groups, both male and fcnuiic 
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4 I'llc nsscsjnical of elircunosomc nbcrrjtlions in pulmonary 
alveolar macrophage* (PAMs) of rat* exposed to raauaslrotim 
tobacco smoke I 


Shortly nfrcr corapletiori of otir studies on bone racrtow cells of tobacco smoke- 
expostd nxfenll. Rrthidedi et nl. (19*93 reported * ligrificant increase in 
chromosome aberrations in pulmonary alveolar rrncroplioyrs of nuinJlrcim 
jmokeeapoxed rets (Fixeber J44/N) in this *udy. ml* were exposed to 
approximately 100 to 200 mg Tfhd/ai* for 6 lifday, 5 days/week for 22 10 24 days. 
Cignre<t« were urt filtered. hijlf-tar (27 mg TTM1. high nbotinc (1.5 mg) IR3 
research cigarettes (Tobacco Health Research Institute. Lexington, KY). Resells 
of ihe chromosome aberration assays are reported in Tnble 7, 


Table 7: CfaOOMmtne Abtruiionl in rahaemwy Atveotar Macraptiapx front Rnts 
Ijcfovi lo MnJnstrearu f'ljrvrnd &rtokrA fc 
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Whofc^xjy 
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'Hxtudecn a nl (IMS) 

‘t'errarange af cells with ibemuons. non »S.E. 

'200 aaglm*, 6 * per dry 22-M days. 

'Stenifiawaly derated rcladvcnxlicinutdrcrl control gamp*. 

Animals exposed either noae-only or whole-body exhibited significantly 
elevated number* of PAMi with cJtromouonae aberrations. RRkrdeeh e* al. (1519) 
spceullled that the Aberrations dbtecserf in this sfady nxay hive resulted from 
damage acouaiolatcd over Iho cell cycle prior lo harvest tbice PAM* are n 
traniicol poputaaior in Ifcc lung. wkh oelj n small fraction dividing, and a short 
cell cycle (9-1 Oh). 
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5 llic Assessment of chromosome aberrations in PAMS of rats 
exposed to Environment!! TobaccoSmoke 


TJie potential health consequences of erposme lo environmental tobacco smoke 
have been widely discussed by scienlists and the general public (Department of 
Hetillit amt Human Services 1916, National Resemtb Council I9&5). Detection of 
chromosome aberrations as PAW* of tobacco smoke-exposed rats (RNhidech el *1. 
1989) indicated that PAMs tnay be more sensitive target eells.for cytogenetic 
changes than bone marrow cells following inhalation or matnslrtare tobacco 
srroke. Ibis method of evaluating chromosome aberrations was llierefore 
mcluded along will) the measurement of DNA adducts m lung tissue when studies 
were comhrdcd lo determine if exposure to emrauramsMal tobacco smoke (ETS) 
induces geiiotoxichy in the lungs of ran (l.ee el aL 1992; Lee et al. 1993). 
Spngue-Dawtey rats were exposed iwse-ojvly to 0. 0.1, 10. «bd 10 ntg TPM/oi’ 
or aged and dihilcd sidestream smoke (ADSS), a jtorogate Tor enrironBiejilll 
tobacco a note, for 6 h per day (Lee « *1.. 1992; Coggins et *1. 1992; Lee 1993; 
Coggins cl al. 1993) The lowetl concentration. 0,| mg TPM/irt» represent* * 
typical concentration of fro men ETS exposure in reams where smoking is 
unrestricted(Ouerin et al. 1992). Alveolar macrophages Crwn animals exposed fra 
7. 28. And 90 day* were examined for ebrontoasmo aberrations. Tlte results are 
presented in Table 8. 

Although chromosome nbemulooa were not foraid in PAMJ, DNA adducit were 
ddected in king tissue of aoireal* exposed to die 10 rug TPM/frs* dost for 7, 28, 
and 90 dayv kraitpo were ctnluctfd using the 1 T-posliaboi"mg ossiy 
(Rnadtratb el aJ. 1911; Reddy and Raoderatb 19(6. Csjpta el it. I982X with the 
nudease PI procedure (Reddy and Rreuleralfc 1986) Maps 0 f lung DMA adducts 
froot aflimals lu the JO mg TPMrra’ exposrae group exJiAited xighl diffuse 
diagonal mdiotwlhre aonci (DT-JZ) nftev 7,28, and 90 days or expos ore. AnlmaJ ra 
the 0.1 mglro’, the 1.0 mgfm- and the sham-exposed group* did not here DR7 , at 
any lime point 
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21 
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1NJ days 



Start (Room Mtr) 
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h Significantly AlYimnt ihtn ihfcm Control (p ^O.W) 


6 Evaluation of cytogenetic assays in tobacco s»*kc-ciposed 
animals 


/ir-y/ve bone mwrovr cytogenetic studies with todenti exposal to cigarette 
irnole Itaws produced mixed results No positive SCE Of chiwewora abenation 
results in bone uurrow cells of rats (Lee et al. 1990) or b musters [ICorte 4 »L 
1911) luve bool repoclral Mice ere the only rodot! spades reported to have 
crtogeaeiie ajteraiions, end dice only after nepowre to hiuti doses of hlgb-ltf 



Source: https://www.i 
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M5 

eijjnreucs. Slight iiwreascj In die freifoenexj of SCE (Benedict rt el 1984; 
Putnam el et- 1915) end 'n (So ntiererueleiu away (BalanrVy et *1. 19117, 19*:-, 
Coggins cl *1 1990) Ivwo boen reported in mice following exposure to cigarette 
smoke. Benedict et al. (1914) used anflllorcd cigarettes with published yield* of 
71-45 mg TPM in intermittent exposures at extremely high rmokc concentrations 
(9000 m s TOMAn 1 ) Potnanr et at. (1985) reported increases In SCE el similarly 
high concentration* (4000 cvkI 9000 mg "ITM/tr)’) of smoke from higli tar 
upfilteted cigarettes. itelansky et al. (1987 surd 1988) reported an increase in 
micfomrclented PCE ni an unspecified smoke eoncontrrtion In BDFf mice, and 
CPgains el al. (1990) saw marginal hxreaset in MhT ooly at a very high smoke 
coneentralion 

Llttic information h*3 been published to del* cm cytogcnclic assay* in 
circa lining lymphocytes In rtxJend folkming erpostuc to man stream tobacco 
smoke. Bisler « al. (1982) exposed Wislor mi to smoke from wfitlcred 
dgamies, and found no significant increase in SCE as lymphocytes Babitsky a 
al (1911) reported inereascs in micronucleated NCB In 8DEI mioe exposed <o an 
nskmni concentration of srookc. Significant (Krctues in chroirwtonDc nbciiatiom 
were reported in PAM* of reds exposed to tobacco smoko (Rhhidect el at 1989) 

Mote data etc needed to determine m appropriate animal modal for (he 
asacssmort of cytogenetic effects of tobacco smoke. Based on this tabor*lory's 
experience and on published report*, bone nsarnnr cytogenetic analysis is ool 
sufficiently xemilire to cvahralr the genotoxie potent tel of tobacco cteukc is 
laboratory annuls, flrb nusy kt due la pari to the rapid rote at irtuch bone 
imrnnr proliferxies, prectuding (he accxmwbllun of cytogenetic damage Bom 
ciironic or subeixronic exposure. Long-lived cticxtlumg lymphocytes may he t 
more eppaopufatte target ceil than an bone marrow cell* since lymphocytes may 
accunwhlc cytogenetic dmnngc oxer a long period of I Ira. 

The recently developed technique of Rtxxenccnce bt *Ao hybridimion with 
chrorttosotr,^specific DNA probes (*<*romojcmie palatini’) (Lucas el *L 1989, 
Pmkel et al 19*1, locker ct al 1992; respective article* bt Otis volume) may 
prove to be a useful cytogenetic toot in studying tbe effects of anoking on 
lymphocytes and Mhcr cells fat human*. This technique is ■ relatively r^>id 
method for detecting stable chromosome Iran doca I rarer Similm technique* arc 
being developed for use as mice (Nalarajan a al 1992) Farther audits should 
focus on a comparison of cytogenetic damage hi bone marrow celts, ci/cctnUng 
lymphocytes, and puhnojtnry alveolar macrophages tu order to Irrvcsfigate list 
relative sewkivity, wtvaemges, and IbRituicno of each system 


.ucsf.edu/docs/zpjjOO01 



hi ° 

.e 

£^•32 

« - 2 vs 

£ gs* 

.so; 
5 2 s ^ ^ 

r * H PeS 
3? jS* 
5*f-| 
: * as 5 , 
i > 2 S jj 

i j" J! ._ “i 

= 5 I £ 

- 15 L T1 

1 mis 

C O 


•S u Tt »> “ 
r 1 > n 

f 5 K S J» 

^ c t! " v 

,V " ■« -i 1 

X U O « 

- R 8 £ 8 

TS Sjj* 

if 

c w let 

I c I 51 

af - 13 

1-i!l| 

t,rj;-icv 

1 11 3 <5 ! ? 

- £*-.-?«• 
E | g fl s 1 ‘ 

E^-;3t j 
- i « ,; v i 

|.£ £|< 3: 


ih jj 

illff i| 

8 « fc; “ g 

flri Is 


- S Oi 

« 5 K 

fsM 

&3 « 3 a 

*?l|1 

mi* 
i i 5 
*? * j 5 


4hi ii!!!"{i 

mi t i'ii h 

;*3?Ih 1 

*l» .2 Ip 1 

S! sls 5UiHlS.- 

f*Kjs£ 5 all]fIi 

a i sis 


5 ? S 
< 5 E 

” H 3 

.»Sf 

II- 

5 f 
II 


11 Hit 
fill! !< f 

m fi “ 

i f 5J I 

ai"ij 3-s ] 

j *f 5 | .s 6 
j « i .g fi e .5 

I* Si 1 u » 


in i 

°d|s 

“ K"S 5 

11 ■ 1 

J£ gl 


?!|j |l 

Itlofft |i 

*i*HSi Ji 

Si I"|| rJI 

i!5?slili? 

iJHIillfl 

3X5 j} 


f £ I £ 

: i. s a? g U'| 8 

\i s i 1 - i11 
?.i i i Hri 

& £'£S r ?«Ai u ;lS 
Sigg-s-i| 

* * = »5U«£&& 

s ifi S3 c2'J‘-k — 

S T u r V % u , ‘t 

s 

-5 £ -S *2 11 g H 

inm* i^ii 

ft*?. 9 e£ 

“ N s S i! S""i I * s 8 

UjIsIlHl 1 

s 8 £• £ *> £ < 5 1 i | 

111 :e «:> b 1111 

aslilsimei 


r s i 

Hi 

1 = s 

S' ? “ 

I- s* 
«« a« 


Ml 

s s; 
I'll 
si” I 

ill 

ill 

-17 « 


[il 
i° hi 

-§ jl J 
S K ! - ft 

! 42* 

3 .111 

05T?*W 

i-isi-Ss 

I s ^ P 3 

• 6 B a S “ 

^ S« v j 

v -e 1115 
Is|1* te 


< 4 S' *» — 
> w. 8^5 

< e s 81 

«.iii 


fi- ,s i s ■“ 

5|iH; f! 1 

! !l fJ 

linifiii i 


*-9S 

* < b.E 

a«a a 


iiwi* 8 


III 

in 


*i« 

4;l 

(-••si 

its 




o £ C • 

,i ! ;j 

km 

[51|4 

;|hs 
!lB : il 
ills i 

;i|3l 


PM3006447573 


Source: https://www.industrydocuments.ucsf.edu/docs/zpjj0001 


PM3006447574 




311 I? A. itceri a al. 

Keo Stum, Chierr-Song, Pine R L, Wtimifi-Peng J. Lee EC. Chabner BA (1987) 
liKxeeieei fragile lilts and s*slt» dirom*li4 eaetuurges in hone; nuurmr and 
ptriphtial Wood of young cigarette smokers Cancer Research 47’527f-4287 
Korte A. Wepter HM, Ob* 0 (1981) ShnolHrteous exposure of Chinese hnimlen 
to ethanol and cigarette rmoke, cytogenetic aspects, Toxicology 20,237-246 
Lambert B. LindWnd A. NortWikj&ld M, Weteliul 0 (1978) Increased frequency 
of sister chromntkiexchaiigea ia eigemle smokers. IkredilBS 88, 147-149 
Lor/aincndy M L, KiunitiloS (1991) Increased frequency of micronurlei >u B and 
Tt lymphocytes from smokers. MirtatRes 259 119 195 
Ult SA. Alien J. Dloom SE, Carrorw A, Kruu D. Selmeklw E, Sdrreck R, Ttce 
RR, WhUlicM BL, Wolff S. (19*3) Slste* chrenrasid exchanges: a report of lire 
Gtrw-Toi Progwt , Mint Res 17; 17-62 

Lee CK, Doolittle DJ, Ler DA. HnyxJ JR {1987) Genottmie profile of 1R4F 
tetcrencc eigttmte smoke condensate in an In vitro lest battery, The 
Toascotogin, 7 (I), 262 

Lee CK, Brown BO, Reei EA. Dobson GD. MJCaras SC. Fulp CW, Coc&'rto 
CUE. Ayr** PH. Doolittle DJ (1990) Artalyna of cylogarclic effects In bone 
narrow cells of rats MbChroriicolly exposed io smoke from ciyerertes which 
bum or only Item tobaceo. Mutal Res 240:25 1 -257 
Lee CK, Drown BG, Heed BA, Mha CA, Coggins CRE, Doolittle DJ. Ilnyos AW 
(1992) Fourtcen-duy ttihatalion study in rare, rising aged and dilated sidestream 
smoke from a reference cigarette II. DNA uiAtcti and atyooU amrephegt 
cytogenetics Fend Appl Toxicol 19:141-146 
Lee CK, Brown BG, Roed BA. Coggms CRE, Doolhlk DJ. HayU aW (1993) 
Ninety-day I ah aim tut study in tat*, wing aged •** dlhttd lutotremn smoke 
born * reference cigarette; DNA aOiAtCh! aul alvrolar aincrophofc cytogatctUs. 
Fuad AppIToaiwl(hi press) 

Laca* JN, Tenjio T, Straimt T. Pu*d D. Moore II D, Liti M, Gray )W (19S9) 
Rapid twnmn chromowtne abbention auily*i* using fluorescence in aita 
hybridrrsJlcrp. Int J Radi* Dial 5611:35-44 
Natunjan AT Vorttsetrien S, Grigorov. M. Bod J. Hojc ES, Darroodl P <» press). 
Elisor recent in situ hybrntiratW (F1SI l) in cytogenetical Uodles. Pmcoedw** of 
Second tateraatlomil Symposium on Chnxoosoenil Aberraliam. 6s**, 
Germany 

Nid tonal Rejwrcli Council (1986) Envtownental Tobacco Smoke Mraming 
exposure* rod as test lag k«*W» elfecl* Library of Congress Catalog Canl No. 
86-28622 hi niton il Academy Pros*. WaililAgWn DC 
Nortlcnson I, Bcckmsr L (1914) OironiaJOtoal aberratioaij hs lymphocyte* of 
vrutkejs exposed to low levels of styrene. Hit* Mered 34:171-182 
Obe G. ilaha J (1978) Chroma***il aberration* «n heavy smoke** Vlum Genes 
41:259-263 

Obe G, Vogt H-l Modle S. F.hftin* A. Hdler WD (1982) Double-blind atttdy on 
the effect of cigarette wtokla* on the tbrorwuorrscs erhantati preipkieralblood 
lymphocym iff viw, Mt*at Set 92:309-319 


Cytogenetic Stores in Animals Exiwte./to Tobacco Smote 179 

Pinkcl O. Lamkgcrrt L. Collins C, Fwerte J, Segraves II, Lucas J, Grey I <19SR> 
fluorescence in rilu hybridirehon with human dwemosorne-speeilic libniri*i. 
dcleCtJon of trisomy 21 and lianslocitlim of chromosome 4. Proc Natl Acrid Sci 
USA 85:9138-9)42 

Preston FJ. Am W. Bender MA, Brewcn K, Csrraip AV, Meddle JA. McFee Af. 
WollTS, Wassort JS (1983) Mammalian In vivo and in vitro cytogenetics nssys: 
A report ofthe Gene-Tra Program MuM Res 87; 14} 188 
Putnam DL Ddvx) HM. McPiorn 1M, Dansie DR, Stone Cl. Hecay CJ (1935) 
Dosc-Tesporetive increase at sister-chrome!id txchaages in bone-n.wrew cells of 

miceeapostdnosc-only lowholeeigarctresmoke MuiatRes >56 181-186 
Rittidcrarh K. Reddy MV.Cupte RC(l91irP-posjlitetmg teas for DNA dniroge. 
ProcNarl AcndSci USA 78.6126-6129 

Roddy MV. Rnnderath K (1916) Nocteise PI mediated etthancemct.l 0 r 
sensitivity of “P-postlabelmg test for structurally diverse DNA adducts 
Carcatogertenss 7:1543-1551 

Rcidy t. Arrest JL, Cheat ATL, Wetty TK (1988) Increased wrier chromatid 
Cffdtaitge rrssorJsscd wt* smoking runt cofTee cnr, }ranp ti«. Environ Moire 
Mutngen I2JI1-JII 

ftilliidreh K CJtert BT. Mruderly IL, Wlrorton EB Jr, Brooks At (1989) 
CytofceMlh: eiferts of cigar one retpke on puknonary alveolar mrcroalxwes of 
llterw Environ SAol Mutagen 14 27 33 

Srrousmnd K (1985) Effects of Wring radiation on chromosome aberentioos. 
sister chroarolid exchnoges and mKrotutdei In lyrnfftncyto of smtdtrrf and 
it on-smokers tiered has 102:71-76. 

Tucker IO. »t«n«, Ml, All*. NA (1992) ApplfcetW of nuoresrewre m rta 
byhridizatiou io haaan population blodotlmclry Frviroat Mat Mtdagen 19. 
Supplement 20,66 " 

Vijnyabumi. Ev«. HJ (IM2) fr. viw, mvS in vi, ;0 eflfcas of cigarette Smoke on 
ctiromoaomnl dntreage and siriev-chraatetrd exchanges m humao peruthen) 
Mood lymphocytes Mutat Re*92J21-332 
Will! lie, Ivcjsw AS, Husam B, Niebuhr B (1986) Very low siaier-chromatid 
excliengcnuoln Seventh-Day Adventisto. Muter Res 162:131-115 


Source: https://www.industrydocuments.ucsf.edu/docs/zpjj0001 


